Abstract Objective: To determine whether urinary incontinence (UI) and lower urinary tract symptoms (LUTS) persist over years, patients treated for UI and LUTS in childhood were reevaluated in adulthood. Materials and methods: Forty-seven women (cases) treated in childhood for daytime UI/LUTS (group A) and nocturnal enuresis (group B) self-completed (average age: 24.89 AE 3.5 years) the International Consultation on Incontinence Questionnaire for Female with LUTS (ICIQ-FLUTS). ICIQ-FLUTS was self-administered to 111 healthy women (average age: 23 AE 5.1 years) from a nursing school as a control group. Data obtained from ICIQ-FLUTS and quality of life (QoL) score (0e10) were compared (Fisher's exact test) between patients and controls, and between group A (n Z 28) and group B (n Z 19). Results: Prevalence of LUTS was higher in patients than in controls. The difference between patients and controls was statistically significant (p Z 0.0001) for UI (34% vs. 7%) and feeling of incomplete bladder emptying (49% vs. 28%). QoL score was >5 in 59% of patients and 1% of controls (p Z 0.0001). No significant differences were found between groups A and B. Conclusions: UI and LUTS are confirmed in young women who suffered for the same condition in childhood. Longitudinal studies are needed to assess if these symptoms persist or are newly onset.
Introduction
Urinary incontinence (UI) is a debilitating condition with a large negative impact on quality of life (QoL) [1] . It is a more common problem in women than in men. For a variety of reasons, such as difference in study populations, definitions and measurement, estimates of UI prevalence differ widely. However, a review of 36 general population studies included in the 4th International Consultation on Incontinence found a relevant prevalence of UI in the range of 25e45% for women [2] . Even in childhood, UI is a common condition. Approximately 5e10% of 7-year-old children suffer from daytime UI and/or nocturnal enuresis (NE): NE is more common among boys than girls, while for daytime UI the reverse is true [3] . Several case-control studies [4e18] in women with UI hypothesized a possible link between lower urinary tract disorders in adulthood and UI and lower urinary tract symptoms (LUTS) already present in childhood. However, the significance of childhood UI and LUTS as risk factors for eventual adult lower urinary tract disorders and how many treatments of childhood LUTS will alter the prevalence of UI in adulthood remain to be clarified. The long-term evaluation of children with UI and LUTS up to adulthood would be helpful in confirming the link between lower urinary tract disorders in childhood and adulthood, and in clarifying the pathophysiological significance of childhood LUTS as predictors of UI and LUTS in women. To our knowledge, no study has investigated adult patients who suffered from UI and LUTS in childhood. In order to determine whether LUTS persist from childhood into adulthood, we reevaluated women who were treated for daytime UI and LUTS and NE in childhood.
Material and methods
From 1990 to 2001, 287 girls (average age: 10.3 AE 3.2 years) were treated for UI and LUTS. Name, date of birth, and address and telephone number of patients followed-up for at least 6 months were entered in a database, grouping patients in two main categories: (1) patients with daytime UI and LUTS (group A); (2) patients with NE (group B). No data on treatment and its result were reported in the database. However, in those years, motivational therapy, behavioral modification, and bladder training were performed in our center to treat children with both day-and night-time LUTS; oxybutinin and intranasal desmopressin were administered in children with overactive bladder and NE, respectively.
In 2012, 151/287 patients who could be traced from the database were asked over the telephone to re-evaluate their urinary continence status and lower urinary tract function in adulthood, compiling the long form of the International Consultation on Incontinence (ICI) Questionnaire for Females with LUTS (ICIQ-FLUTS) [19] . Of the 151 patients traced by telephone, 99 agreed to participate and received the ICIQ-FLUTS form via e-mail. The control group consisted of healthy young women attending nursing school who agreed to answer the same questionnaire.
The long form of the ICIQ-FLUTS is a self-administered questionnaire developed into a set of theme-driven modules that investigate the major aspects of LUTS and their impact on QoL. It consists of 36 items on UI, LUTS, and related QoL with a score of 0e10. The reference period for symptom assessment is the 4 weeks preceding the day that the questionnaire is administered [19] . Items that investigate presence and related QoL score of UI (2a, 2b), voiding frequency (26a, 26b), nicturia (27a, 27b), urgency (28a, 28b), bladder pain (29a, 29b), hesitancy (30a, 30b), straining to void (31a, 31b), intermittency (32a, 32b), burning feeling when urinating (34a, 34b), and feeling of incomplete bladder emptying (35a, 35b) were considered. Frequency of UI episodes was defined as every week (one or more times) and every day (one or more times). Nicturia was considered to occur once per night or more than once per night. Abnormal voiding frequency was considered as micturition that occurs every hour, every 2 h, and every 4 h or longer. Severity of the remaining LUTS was graded based on frequency of occurrence (occasionally/sometimes and most/all of the time). QoL score >5 was considered as to have a relevant impact on QoL.
Prevalence of UI and LUTS and related QoL score were compared (Fisher's exact test) between patients and controls, and between group A and group B.
Results
ICIQ-FLUTS was returned to 47/99 patients who agreed to participate in the study (cases) and to 111 healthy women from the nursing school (controls). At the time of questionnaire compilation, the average age was 24.89 AE 3.5 (range 21e34) years in patients and 23 AE 5.1 (range 18e40) years in controls. The questionnaire was fully completed by cases. In the control group some items were missed (Tables  1 and 2 ): the average number of missing items was 11.7 (range 7e37).
Twenty-eight of 47 women were observed in childhood for daytime UI/LUTS (group A) at an average age of 9.6 AE 4.1 years (range 5e20 years, median 11 years); the remaining 19 women presented with NE (group B) at an average age of 10.5 AE 2.34 years (range 5e15 years; median 10 years).
Prevalence, frequency, and degree of severity of UI and LUTS, QoL score, and results of statistical comparison between patients and controls are shown in Table 1 . Significant differences (p < 0.05) between patients and controls were found for UI (34% vs. 7%) and feeling of incomplete emptying (49% vs. 28%). QoL score related to UI and LUTS was >5 in 28/47 (59%) patients and in 2/111 (1%) controls (p Z 0.0001).
Prevalence of UI and LUTS in adulthood, and results of statistical comparison between patients of group A and B are shown in Table 2 . UI and LUTS in adulthood did not significantly differ between group A and group B.
Discussion
In 1992, Burton et al. [5] reported that mothers with overactive bladder used different toilet training models than the general population; they postulated that the link between childhood enuresis and adult incontinence could be explained by a failure to learn how to achieve bladder control at the time of potty training. Even if educational models in acquiring bladder control may be of great importance in predisposing the development of UI and LUTS, others pathophysiological mechanisms may offer an explanation for the potential link between UI and LUTS in children and adults. Different authors have described an increased risk of UI and LUTS in family members of women with UI and twin sisters, suggesting a possible genetic basis for lower urinary tract disorders [6e10]. In 2001, a locus on chromosome 17q for urge incontinence was identified [11] . Recently, microarray studies demonstrated the presence of regulatory elements and genes encoding structural proteins in patients with overactive bladder [12] . In adult women with bladder and bowel disorders, the presence of LUTS in childhood and its potential pathophysiological relationship with UI and LUTS in adulthood have been investigated by several caseecontrol studies. Bower et al. [13] investigated 191 women referred to a urogynecological clinic compared with 251 controls. The authors reported a significant association between overactive bladder symptoms in adulthood and childhood. In evaluating the prevalence of bladder and bowel dysfunction in 56 adolescents and adults with NE, Bower et al., [14] demonstrated that bladder and bowel problems during childhood were significantly correlated with adolescent and adult NE. In particular, significant associations were found between childhood symptoms and adult overactive bladder, and between childhood emptying dysfunction and adult voiding dysfunction [14] . The authors' observations were subsequently supported by others. In a population cohort of 2109 middle-aged women, Fitzgerald et al. [15] reported a significant association between childhood LUTS and urinary tract infection and adult overactive bladder symptoms. Recently, Minassian et al. [17] found the highest prevalence of childhood dysfunctional voiding in women with urge UI, followed by mixed UI, and, finally, by stress UI (odds ratio Z 1.4, 95% confidence interval Z 0.8e2.5). Similarly, Levi d'Ancona et al. [18] reported that adult patients with urge UI and mixed UI were more likely to have history of enuresis in childhood than those with stress UI. The results of the previously mentioned studies support the hypothesis of co-existing genetic and environmental factors during the developmental years in girls with UI and LUTS, which may predispose them to having similar symptoms in adulthood [17] . However, studies that evaluate girls with UI and LUTS from childhood into adulthood would be needed to confirm this hypothesis.
To our knowledge, data on the prevalence of LUTS in adulthood of girls treated for UI and LUTS in childhood have not been reported. Recently, the long-term outcome of UI and urge complaints in adult patients (average age: 27.8 years) who underwent intensive urotherapy in childhood has been re-assessed by Vijverberg et al. [20] . However, they did not investigate prevalence of LUTS in this population; they analyzed the outcome of intensive urotherapy, considering the persistence of one or more of the following variables: number of wet incidents during day, micturition frequency, urge complaints, and flow pattern. Therefore, our study is the first to investigate, in adulthood, those patients who suffered from UI and LUTS in childhood with the primary aim of determining the prevalence of UI and LUTS in adulthood.
In this study, the greater prevalence of LUTS in women who were treated in childhood for daytime UI/LUTS and NE than in control participants confirms the hypothesis that the presence of daytime UI, LUTS, and NE in childhood may have a negative impact on bladder function in adulthood. In particular, UI (34% in patients vs. 7% in controls) and feeling of incomplete bladder emptying (49% in patients and 28% in controls) were significantly prevalent (p < 0.0001) in women treated for LUTS in childhood than in controls.
Even if the prevalence of the remaining LUTS was higher in patients than in controls, no significant differences were found between the two groups. Symptoms as nicturia, urgency, bladder pain and straining to void were more highly represented in women treated for LUTS in childhood (42%, 47%, 32%, 29%, respectively) than in controls (29%, 35%, 21%, 21%, respectively). On the contrary, symptoms difficult to define without previous explanation or recording in a diary, such as hesitancy, intermittency, abnormal voiding frequency, and burning feeling when urinating, were similarly reported by both patients (40%, 47%, 68%, 25%, respectively) and controls (43%, 44%, 74%, 24%, respectively).
It can be speculated that this result was biased by the select cohort of control participants consisting of nurses: better knowledge and greater sensitivity of nurses to such problems than the general population might explain the great representation of some LUTS in our control group. However, recent epidemiologic evidence seems to indicate an increasing prevalence of UI and LUTS in a healthy adult population. Irwin et al. [21] reported that 45.2%, 10.7%, 8.2%, and 21.5% of the worldwide population was affected, in 2008, by at least one LUTS, overactive bladder, UI, and LUTS/bladder outlet obstruction, respectively. Using an estimation model, the authors calculated that, in 2018, 18.4%, 20.1%, 21.6%, and 18.5% of individuals will be affected by at least one LUTS, overactive bladder, UI, and LUTS/bladder outlet obstruction, respectively [21] . Therefore, the high prevalence of UI and LUTS in our control group might be an expression of this increasing prevalence of lower urinary tract disorders in the adult population. The relevant impact of UI and LUTS in the general adult population should be a stimulus for further research in order to prevent a these conditions and manage them early. In particular, a longitudinal study from childhood to adulthood could be useful to verify how behavioral modification and correct bladder training in a healthy pediatric population may invert the tendency to increase lower urinary tract disorders in children and adults.
Even if the average QoL score related to UI and LUTS did not differ significantly between patients and controls, the impact of UI and LUTS on QoL seems to be more relevant in women treated for LUTS in childhood than in controls: the number of patients who exhibit a QoL score >5 was significantly higher (p Z 0.0001) than those of controls.
In contrast to the previously mentioned studies in women who presented with UI and LUTS in adulthood [13e15], we did not find in our patients treated for UI, LUTS, and NE in childhood a significant prevalence of urgency in adulthood as a hallmark symptom of overactive bladder. On the contrary, suspected symptoms of a disorder of the emptying phase, such as a feeling of incomplete bladder emptying, was significantly represented in these patients. Therefore, a pathophysiological relationship between overactive bladder in adulthood and LUTS in childhood do not seem to be supported by our data. However, for a variety of reasons, such as difference in study populations, types and definitions of LUTS, and questionnaires administered, the comparison between results of the present study and those of the previously mentioned studies seems to be arduous. In comparing the prevalence of UI and LUTS in adulthood between girls treated for daytime UI/LUTS (group A) and girls treated for NE (group B), no statistically significant differences were found. As the definition of NE in the period ranging between 1990 and 2000 did not include the distinction of monosymptomatic and non-monosymptomatic NE, the presence of associated daytime symptoms in some of the girls in this study with NE cannot be excluded. Moreover, our database did not include information on the different types of lower urinary tract dysfunction. For these limitations, definitive conclusions on the pathophysiologic relationships between LUTS in children and adults cannot be drawn.
UI and LUTS in adulthood were reported by most of our patients as occasional or occurring "sometimes". No patients required further evaluation to resolve symptoms. Although type and results of treatment of UI, LUTS, and NE in childhood were not found in our database, the modest severity of symptoms in adulthood seems to suggest a positive effect of pediatric treatment of UI and LUTS.
Conclusions
A greater prevalence of LUTS has been found in women who suffered from UI and LUTS in childhood than in a control population. These data support and reinforce the hypothesis of a link between lower urinary tract disorders in adulthood and UI and LUTS in childhood. UI and feeling of incomplete bladder emptying were more significantly prevalent in women with LUTS in childhood than in controls. In contrast to other studies, the prevalence of the remaining LUTS (especially urgency) was not significantly higher in patients than in controls. These findings seem to confirm a beneficial effect for young women in assessing and treating UI and LUTS in childhood. To what extent such a beneficial effect might be exerted will require a longitudinal follow-up study.
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